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Abstract 
 
 To test the hypothesis that younger migrants are more prone to arrive at stopover 
sites on the northern coast of the Gulf of Mexico with ticks than adult migrants, 2177 
migratory passerines were screened for ticks at Gulf Coast sites in Texas and Louisiana. 
Fifty eight (2.7%) were infested with ticks with 28 (1.3%) being young birds and 30 
(1.4%) being adult birds. The body condition of the birds was assessed to determine if 
tick infestation had negative consequences and if the severity of consequences varied 
between ages. I found no relationship of age with the prevalence of a tick attachment in 
any of the groups of birds. I also did not detect any consequences on body condition due 
to tick infestation, with the exception of the warbler group for which mean body mass 
was significantly lower in tick infested birds. Tick infestation does not seem to vary in 
young and old migrant birds and infestation alone does not seem to pose a major 
physiological cost to most migratory passerines.  
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Chapter I: Introduction 
 Migratory songbirds are known to be the host to a great many ectoparasites, 
including ticks. Ticks will often attach themselves to their avian host to take a blood meal 
before they transition to the next stage in their lifecycle. Birds act as a dispersal vehicle 
that can carry ticks over long distances and cross geographical barriers. I studied the 
relationships between tick infestations and the age of migratory songbirds caught on the 
northern coast of the Gulf of Mexico at Mad Island, Texas and Johnson’s Bayou, 
Louisiana during the stopover period of their northward migration. These coastal 
locations were chosen because they provide the first opportunity to examine the presence 
of ticks and body condition of birds since their departure from the wintering grounds. The 
events and decisions that transpire at stopover sites can influence the survival and 
reproductive success of migrants; therefore, it is important to understand if tick 
parasitism has negative consequences to migration success and whether these 
consequences are evenly distributed across age class.  
Through this project, I answered questions of how tick infestation is distributed 
across age classes in migratory passerines as well as the body conditions of parasitized 
vs. non-parasitized birds. I hypothesized that more ticks should be found on second-year 
(SY) birds than on after-second-year (ASY) birds. I also hypothesized that birds 
parasitized by ticks should have a poorer body condition than birds without ticks, and I 
speculated that the response to infestation should be more severe in ASY birds The 
results of my study failed to support either hypothesis. 
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Figure 1: Common locations where immature ticks attach themselves to birds. (A) 
Acadian flycatcher (Empidonax virescens). (B and C) Worm-eating warbler (Helmitheros 
vermivorus). (D and G) Indigo bunting (Passerina cyanea). (E and F) Wood thrush 
(Hylocichla mustelina). (Courtesy of Michael Sellers; reproduced with permission.) 
 
 
Chapter II: Literature Review 
Millions of birds migrate between breeding, wintering, and stopover sites every 
year. Each phase of migration presents its own unique challenge that the birds must 
overcome. Decisions that birds make on their wintering grounds and stopover sites can 
have major consequences on survival during migration and reproductive success on the 
breeding grounds (Sherry and Holmes 1996). Only recently have researchers examined 
how migrants interact with their environment and other occupants prior to migration 
(Faabvorg et al. 2010; Sherry and Holmes 1996). One aspect of their migration that is 
still poorly understood is the parasitic interaction between tropical ticks and neotropical 
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migratory passerines, and the consequences of the interaction on the bird’s body 
condition during migration.  
Ticks require blood meals at different stages of their life, and birds will often 
serve as the host during the tick’s nymph stage (James et al. 2011; Mukherjee et al. 
2014). Ticks use a host-finding behavior known as questing, where they will position 
themselves at the tips of vegetation and wait for a host (Perret et al. 2004). Ticks can lay 
clutches of eggs in masses of up to 20,000; these clutches will hatch around the same 
time and have a clumped distribution (Sonenshine 1991; Mukherjee et al. 2014). A tick 
can remain on a host anywhere from a few hours to a few days once it attaches itself; 
furthermore, it takes approximately 18-24+ hours for a migratory bird to cross the Gulf of 
Mexico from the Yucatan, so it is likely that the ticks observed on a bird at a coastal 
stopover site came from Central and South America (Mukherjee et al. 2014; Bolus et al. 
2017).  
At least during the nesting season, birds exhibit avoidance behavior in their nest 
site selection when parasites are present, indicating that they can recognize parasites and 
will actively choose to avoid that area to nest (Oppliger et al. 1994; Loye and Carroll 
1998). It may be the case that birds can recognize ticks and avoid that area for foraging at 
their wintering grounds. Birds compete individually for foraging territory on the 
wintering grounds and will tenaciously fight to maintain site dominance by arriving early 
and maintaining site fidelity (Stutchbury 1994). Previous studies have shown that older 
birds are more effective at claiming territory and that younger birds are socially 
subordinate during migration, so it is likely that the SY birds are subjected to poorer 
quality foraging habitat that contain more tick nests (Moore et al 2003; Stutchbury 1994). 
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Young birds are also still learning how to forage, so they may spend longer periods of 
time searching for food, and thus spend longer periods foraging (Franks and Thorogood 
2018; Robinson and Holmes 1982; Wunderle 1991). Additionally, younger birds may 
depart the wintering grounds after older birds either because they cannot compete for 
breeding territory even with an early advantage or because they are too lean to attempt 
migration (Stewart et al. 2002). Regardless, the longer duration on the wintering grounds 
could increase the likelihood of a tick encounter and could be a temporal explanation if 
more SY birds have ticks. This is a possibility, particularly because the primary questing 
period for ticks coincides with the springtime migration of songbirds (Battaly et al. 
1987). It may be more likely to find a tick on a younger bird because they may be 
encountering a parasite for the first time on the wintering ground and may not be familiar 
with different body maintenance behaviors like grooming, water bathing, dusting, and 
sunning (Clayton et al. 2010).  
The basis of my hypothesis is previous research that studied tick infestations in 
migratory passerines. Mukherjee et al. (2014) and Cohen et al. (2015) collected ticks 
from migratory songbirds to investigate disease transmission between parasite and host. 
Both made observations about the frequency of infestation based on foraging guild (e.g. 
subcanopy/canopy, understory, ground) but neither mentioned age as a factor of 
infestation (Barrow et al. 2000). Other studies have addressed the hypothesis of an 
association between age and tick infestation but the results have been inconclusive. 
Scharf (2004) reported that a higher proportion of hatch-year birds were infested with 
ticks than their adult counterparts. A similar study by Gregoire et al. (2002) did not find a 
significant difference between tick prevalence and age but did find a difference in tick 
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load burden between ages, although this was mostly due to a lack of tick infestations in 
nestlings. However, comparisons cannot be drawn from these studies because the birds’ 
breeding biology is different than their migration biology. For example, young birds may 
still depend on their parents for food even after they leave their altricial stage because 
they are inefficient foragers (Weathers and Sullivan 1989; Wunderle 1991). My interest 
in this study was the association between the age of migratory birds and tick infestation, 
and a study by Morris et al. (2007) found evidence of an increased proportion birds 
parasitized by ticks in the spring compared to the fall, so I therefore focused on 
springtime migrants at coastal stopover sites 
 
Chapter III: Methods 
Study area. During the spring migration season (March 15 - May 15) of 2010 and 
2018, birds were captured and sampled for ticks on the northern coast of the Gulf of 
Mexico in Southwestern Louisiana (Johnson’s Bayou, 29°45’N, 93°37’W) (Figure 2), 
and in Southeastern Texas at The Nature Conservancy’s Clive Runnells Family Mad 
Island Marsh Preserve (Mad Island, 28°41’N, 96°6’W) (Figure 3). Johnson’s Bayou’s 
habitat consists of coastal woodlands (cheniers) and is critical to the rest and refueling of 
migratory birds because to the south is the Gulf of Mexico and to the north are unusable 
grassy marshes and wet prairies (Gauthreaux 1971, 1972). Mad Island has a similar 
chenier habitat and is also a critical stopover site for migratory birds. Mukherjee et al. 
(2014) did not find any ticks in the vegetation at the study site, most likely due to 
occasional flooding from the Gulf of Mexico. 
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Bird capture and tick removal. Birds were captured using mist-nets before they 
were brought to a central location for banding. Every captured bird was fitted with a U.S. 
Fish and Wildlife Service (USFWS) leg band. The age, sex, subcutaneous fat, muscle 
mass, wing chord, and mass (to the nearest 0.1g) were determined. The method detailed 
in Pyle (1997) was used to determine the age and sex;the method outlined by Helms and 
Drury (1960) was used to assess subcutaneous fat. 
 
 
 
Figure 2: Map of the banding location at Johnson’s Bayou, Louisiana. (Black dot) (Base 
map copyright ESRI.) 
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Figure 3: Map of the banding location at The Nature Conservancy’s Clive Runnells 
Family Mad Island Marsh Preserve in Matagorda County, Texas (Black dot) (Cohen et al. 
2015 
 
Birds were systematically searched for ticks by scanning the head, ear canals, 
nape, mandible, perimeter around the eyes, breast, and cloaca (Mukherjee et al. 2014; 
Cohen et al. 2015). A straw was used to part feathers by blowing a stream of air. Fine-
tipped forceps were also used to part feathers, as well as remove ticks when they were 
discovered. The ticks were then placed in a vial with 70% ethanol to be used for later 
research studies. 
Statistical analyses. One-Way Fisher’s exact-tests were used to test the 
association between tick infestation and age classes. An analysis was conducted for each 
year individually, for each category of birds, and for every category combined between 
all years. Wood Thrushes (WOTHs) and Indigo Buntings (INBUs) had large enough 
samples to form their own category while species with similar phylogenetics and 
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ecologies were combined to form categories with testable sample sizes (Catharus 
thrushes, Warblers, and Tanagers). The categories were then broken down into SY 
(young) and ASY (older) age classes to test if age was correlated with tick infestation. 
After hatch year (AHY) birds were excluded from this study because all birds caught 
during spring migration are AHY.  
 Three-way contingency tables were used to determine if there were any 
correlations between age (SY and ASY), tick infestation (with tick and without tick), and 
body condition (lean and fat). Birds were considered lean if they had a fat score less than 
2 while all birds with a fat score greater than or equal to 2 were considered fat (Helms 
and Drury, 1960) 
A two-way analysis of variance (ANOVA) of age (SY and ASY) and tick 
infestation (with tick and without tick) on body condition, as measured by average body 
mass, was conducted for each group of birds except WOTH due to sample size problems. 
I tested for normality in all groups and found that warblers were the only group that 
needed a log10 transformation to meet the assumptions of normality. Ovenbirds were 
excluded from the warbler group for these tests because they are slightly larger than the 
other warblers.  
 
Chapter IV:  Results 
 In total, 2177 SY and ASY birds were captured and sampled for ticks during 
2010, 2013, and 2018. A total of 58 birds were found to have ticks, 28 SY and 30 ASY 
(Table 1). It was determined that tick infestation did not vary between ages in any 
category by using a Fisher’s Exact test (WOTH, P=0.62; INBU, P=0.61; Catharus, 
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P=0.14; Warblers, P= 0.24; Tanagers, P=0.41). Additionally, another Fisher’s Exact test 
determined that tick infestation did not vary between age classes within each year 
sampled (2010, P=0.057; 2013, P=0.38; 2018, P=0.51). A final Fisher’s Exact test 
determined that tick infestation did not vary significantly between age class when all 
birds were combined (All, P=0.15). 
It was determined that the differences between age, tick infestation, and body 
condition were not dependent on each other in most birds by using a three-way 
contingency table (WOTH, P=0.66; Catharus, P= 0.77; Warblers, P= 0.32; Tanagers, 
P=0.57). A significant difference was observed in INBU (G2=14.4, df= 4, P=0.0061); 
however, further analysis showed that the difference was attributed to the interactions 
between age and body condition (G2=13.36, df= 1, P=0.0003) and tick infestation was 
not significant in age or body condition (P>0.05). 
The difference in body condition due to age was significant in Warblers, 
Thrushes, and Indigo Buntings (Warblers, two-way ANOVA F3,1911= 21.703, P<0.001; 
Catharus, F3,648= 5.536, P<0.001; INBU, F3,1192= 5.196, P= 0.0014). In these groups, the 
ASY birds had a higher body mass average. Warblers were the only group where the 
difference in body condition was due to ticks (F1,1911= 0.023, P=0.025). The warblers that 
had ticks were leaner than the warblers without ticks. 
 
Table 1: The number of migratory birds sampled for ticks that were found to be either 
infested or non-infested during the spring of 2010 and 2018 in Johnsons Bayou, 
Louisiana and the spring of 2013 in Mad Island, Texas. 
  10 
Chapter V:  Discussion 
 Migratory passerines arrived at spring stopover sites along the northern coast of 
the Gulf of Mexico carrying ticks that attached while the birds wintered in the Neotropics 
(Mukherjee et al. 2014; Cohen et al. 2015). The ticks were only partially engorged and 
the birds were examined shortly after arriving at the stopover site; therefore, it was 
concluded that the birds were infested prior to departure from their wintering site 
(Mukherjee et al. 2014; Cohen et al. 2015). Only 2-3% of birds were found to have ticks, 
which is likely a conservative number since banders may fail to detect 33% of ticks on 
birds (Ogden et al. 2008). 
 Tick infestation did not vary between older and younger migratory passerines, and 
thus my hypothesis was not supported by the results of the analyses. The lack of support 
for my hypothesis could be because the assumptions about the differences in behavior 
between older and younger birds were based on their wintering ecology. Migratory birds 
will become hyperphagic and broaden their foraging repertoire and substrate prior to 
migration to ensure they deposit enough fat stores to survive long-distance flights (Loria 
and Moore 1990; Wang and Moore 1997, 2005). This would nullify the previous 
assumption that older birds’ claim to territory and superior foraging abilities would make 
them less likely to encounter a tick. Moreover, Moore and Simm (1986) provided 
evidence that migratory birds are more risk-prone foragers when their energy budget is 
below the budget required for survival. Both old and young birds may be willing to suffer 
the consequences of a tick infestation leading up to migration if it allows them to store 
enough fat deposits to complete their journey.  
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 There is little evidence that body condition is impacted by the presence of ticks, 
thus my second hypothesis was not supported. Using fat scores as a measurement of body 
condition did not reveal much information about the overall condition of the bird. Coastal 
stopover sites are the first chance a bird gets to rest and refuel after a long, nonstop flight, 
so many of the birds arriving will be lean regardless of tick infestation (Loria and Moore 
1990). Additionally, birds try to minimize the time spent at stopover sites, so the 
individuals with higher fat scores are likely to spend less time refueling or they may even 
skip stopping to continue their migration (Schaub et al. 2008).  
Using average body mass revealed more information about the body condition of 
the birds but only provided limited support for my hypothesis. In most groups of birds, 
the average body mass was lower in SY birds than ASY birds. This is not surprising 
because several previous studies found similar body condition trends in migratory species 
at coastal stopover sites (e.g. Woodrey and Moore 1997). The warblers were the only 
group that experienced poorer body condition when infested with a tick. These results 
were not surprising given conflicting reports in the literature that ticks have a negative 
impact a bird’s body condition (Galván et al. 2012; Norte et al. 2013; Heylen and 
Matthysen 2008; Mukherjee et al. 2014). Galván et al. (2012) examined how feather 
mites affect the body condition of passerines and found that there was little effect. Norte 
et al. (2013) found that birds exhibit an immunological response to tick infestations and 
that the responses can vary between ages but no noticeable differences in body condition 
were observed. Heylen and Matthysen (2008) did an experimental study that infested 
birds in a controlled setting, and the only negative impact observed was in haematocrit 
levels. Studies in a field setting have yielded similar results (e.g. Mukherjee et al. 2014). 
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Warblers, on average, have a lower body mass than the other birds studied, so they may 
be more sensitive to the negative effects of parasitism, like a lower haematocrit, thus 
explaining the poorer body condition in tick-infested individuals.  
 The results of this study provide some insight into the relationship between 
neotropical migratory passerines and tropical ticks and the effects of tick parasitism on 
the birds’ body condition during stopover. Specifically, this study showed that there is no 
clear correlation between tick infestation and age during migration and that body 
condition is not impacted by tick parasitism in most birds. However, there are several 
confounding factors that my study design could not address. It is difficult to study 
seasonal interactions like tick parasitism while migrants are en route, because populations 
from different wintering locations may share the same stopover site (Paxton and Moore 
2015). Sample sizes for birds with ticks are already low; obtaining samples of birds that 
had ticks and were able to be aged to SY or ASY presents its own unique challenges. It 
can be difficult and time consuming to age birds during migration, and bird banders may 
not have time to determine age. There could also be a sampling bias because mist netting 
is more likely to catch healthy, active individuals instead of the individuals that may be 
weak from tick parasitism (Valkiunas 2001). Alternatively, tick parasitism may not 
noticeably affect birds during migration. Stopover is not an ideal time to test for negative 
effects of parasitism on body condition because birds are immunosuppressed during 
migration, and any immune response to ticks would likely be suppressed (Owen and 
Moore 2008). Ticks and tick-borne pathogens share a long evolutionary history with 
birds, with birds likely being the first host to ticks (de la Fuente et al. 2015), so it is also 
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likely that birds have developed mechanisms to cope with the consequences of infestation 
(Nilsson et al. 2007).  
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